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METHOD AND APPARATUS FOR DRIVING 
LIQUID CRYSTAL DISPLAY DEVICE 

The present invention claims the bene?t of Korean Patent 
Application No. P2002-42973 ?led in Korea on Jul. 22, 
2002, Which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method and a display 

apparatus, and more particularly to a driving method and a 
liquid crystal display apparatus. 

2. Description of the Art 
A liquid crystal display device displays images by con 

trolling light transmittance of a liquid crystal material using 
an electric ?eld. The liquid crystal display device comprises 
a liquid crystal display panel having a pixel matrix and a 
drive circuit for driving the liquid crystal display panel. 

FIG. 1 is a block schematic diagram of a liquid crystal 
display device according to the related art. In FIG. 1, a liquid 
crystal display is connected to a system driver 1 installed in 
a computer system, and includes a graphic card 2 for 
supplying video data adapted to a liquid crystal display 3. 
The graphic card 2 converts the video data and supplies the 
converted video data to the liquid crystal display 3, Wherein 
the video data includes red (R), green (G), and blue (B) 
video data. In addition, the graphic card 2 generates control 
signals that include a clock signal (DCLK) and horizontal 
and vertical synchronization signals (Hsync, Vsync) suitable 
for the resolution of the liquid crystal display 3. 

The liquid crystal display 3 includes a liquid crystal 
display panel 10, a data driver 6 for driving data lines (D1 
to Dm) of the liquid crystal display panel 10, a gate driver 
8 for driving gate lines (G1 to Gn) of the liquid crystal 
display panel 10, a timing controller 4 for controlling a drive 
timing of the data and the gate drivers 6 and 8, a poWer 
supply circuit 14 generating a driving voltage necessary to 
drive the liquid crystal display 3, and a gamma circuit 12 
supplying a gamma voltage to the data driver 6. 
The poWer supply circuit 14 generates driving voltages 

necessary for driving the liquid crystal display 3 (i.e., gate 
high voltage, gate loW voltage, gamma reference voltage, 
and common voltage) using the voltage received from a 
system poWer supply (not shoWn) of the system driver 1. 
Accordingly, the poWer supply circuit 14 supplies the driv 
ing voltages to the timing controller 4, the data driver 6, the 
gate driver 8, and the gamma circuit 12. 

The liquid crystal display panel 10 is connected to a thin 
?lm transistor (TFT) formed at each intersection of an 
n-number of the gate lines (G1 to Gn) and an m-number of 
the data lines (D1 to Dm) and includes liquid crystal cells 
connected to the respective thin ?lm transistor and arranged 
in a matrix pattern. The thin ?lm transistor supplies video 
data from the data lines (D1 to Dm) to the liquid crystal cell 
in response to gate signals from the gate lines (G1 to Gn). 
Since the liquid crystal cell comprises a pixel electrode 
connected to a common electrode and a thin ?lm transistor 

facing each other in Which a liquid crystal is located thereto, 
the liquid crystal display is equivalently expressed as a 
liquid crystal capacitor (Clc). The liquid crystal cell includes 
a storage capacitor (Cst) connected to a pre-staged gate line 
in order to maintain the data voltage charged to the liquid 
crystal capacitor (Clc) until the next data voltage is received. 

The gate driver 8 sequentially supplies the gate high 
voltage signal to the gate lines (G1 to Gn) according to a gate 
start pulse signal (GSP) received from the timing controller 
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2 
4. Accordingly, the gate driver 8 includes a plurality of gate 
drive integrated circuits (not shoWn), commonly referred to 
as gate driving ICs, for separately and sequentially driving 
the gate lines (G1 to Gn). Each of the gate driving ICs 
include a shift register responding to the gate start pulse 
signal (GSP) and a gate shift clock signal (GSC) provided 
from the timing controller 4. In addition, the gate driving ICs 
sequentially generate a gate high voltage signal and include 
a level shifter for shifting voltages of the gate high voltage 
signal to suitable levels for driving the thin ?lm transistor. 
When the gate start pulse signal (GSP) is supplied from the 
timing controller 4, the gate driving ICs respond to the gate 
shift clock signal (GSC) and sequentially supplies the gate 
high voltage signal having one horizontal period (1H) to the 
gate lines (G1 to Gn) by performing a shift operation. 
The data driver 6 converts the R, G, and B data signals 

from the timing controller 4 into analog signals and supplies 
the video data of one horizontal line for each horizontal 
period in Which the gate high voltage signal is supplied to 
the gate line (G1 to Gn) to the data lines (DL1 to DLm). 
Accordingly, the data driver 6 includes a shift register part 
supplying sequential sampling signals, a latch part providing 
signals at the same time as sequentially latching the video 
data in response to the sampling signal, a digital-analog 
converter part converting the digital video data from latch 
part into analog video data, and an output buffer part 
providing signals as buffering the analog video data from the 
digital-analog converter part. Positive and negative gamma 
voltages are set in order to have voltage levels different from 
each other according to the voltage level of the video data 
from gamma circuit 12 in a digital-analog converter part of 
the data driver 6. As the positive and the negative gamma 
voltages are supplied to the video data, the video data adapts 
gamma characteristics that are selected by a polarity inver 
sion signal (POL) from the timing controller 4 and is 
supplied to the data lines (D1 to Dm) in response to a source 
output enable signal (SOE). 

In order to drive the liquid crystal display panel 10, the 
timing controller 4 responds to a clock signal and horizontal 
and vertical synchronization signals (Hsync, Vsync) from 
the graphic card 2, and controls driving timing of the gate 
driver 8 and the data driver 6. For example, the timing 
controller 4 responds to the clock signal and the horizontal 
and the vertical synchronization signals (Hsync, Vsync), 
generates a gate clock signal, a gate control signal, and a 
gate start pulse, and supplies the signals to the gate driver 8. 
In addition, the timing controller 4 responds to an input 
clock signal and horizontal and vertical synchronization 
signals (Hsync, Vsync), and generates a data enable signal 
and supplies the signals to the data driver 6. Moreover, the 
timing controller 4 supplies the R, G, and B video data from 
the graphic card 2 to the data driver 6 in synchronization 
With the polarity inversion signal and the data enable signal. 

During driving of the liquid crystal panel 10, since the 
thin ?lm transistor (TFT) is turned ON by the gate high 
voltage (V gh) supplied to the gate line (G), video voltage 
signals supplied to the data lines (DL1 to DLm) are charged 
to the liquid crystal capacitor (Clc). Subsequently, since the 
thin ?lm transistor is turned OFF by the gate loW voltage 
(V gl) supplied to the gate line (G), the video voltage charged 
to the liquid crystal capacitor (Clc) is maintained until the 
next data voltage is supplied. Accordingly, When the gate 
high voltage (V gh) and the gate loW voltage (V gl) are 
supplied to a pre-staged gate line (Gn-1), the storage capaci 
tor (Cst) connected in parallel to the liquid crystal capacitor 
(Clc) is charged and maintains the charged voltage higher 
than voltage charged to the liquid crystal capacitor during a 
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turned OFF period. Thus, ?uctuations of the voltages 
charged to the liquid crystal capacitor (Clc) can be mini 
mized. 

In order to drive the liquid crystal cells of the liquid 
crystal display panel, various inversion driving methods, 
such as frame inversion, line-column inversion, and dot 
inversion, are commonly used in the liquid crystal display 
device. During the frame inversion driving method, the 
polarity of the data signal supplied to the liquid crystal cells 
of the liquid crystal display panel is inverted Whenever a 
frame is changed. During the line-column inversion method, 
the polarity of the data signal supplied to the liquid crystal 
cells is inverted according to the line (column) of the liquid 
crystal display panel. During the dot inversion method, a 
data signal is supplied to each liquid crystal cell of the liquid 
crystal display panel, Wherein the data signal has a polarity 
contrary to the data signal supplied to adjacent liquid crystal 
cells along vertical and horizontal directions. In addition, 
during the dot inversion method, the polarity of the data 
signals supplied to all the liquid crystal cells of the liquid 
crystal display panel are inverted for each frame. Among the 
various inversion driving methods, the dot inversion method 
provides excellent picture quality, as compared to the frame 
and line-column inversion methods. Driving of the frame 
and line-column inversion methods is carried out as the data 
driver 6 responds to the polarity inversion signal supplied to 
the data driver 6 from the timing controller 4. 

In general, liquid crystal display devices are commonly 
driven at a frame frequency of 60 Hz. HoWever, in devices, 
such as a notebook computer, requiring loW poWer con 
sumption, the frame frequency is loWered to 50~30 Hz, 
thereby creating a ?icker phenomenon during the dot inver 
sion method. Accordingly, a 2-dot inversion method is used 
to drive the liquid crystal display panel. 

FIGS. 2A and 2B are diagrams shoWing 2-dot inversion 
polarity patterns applied to the liquid crystal display panel of 
FIG. 1 according to the related art. In FIGS. 2A and 2B, the 
polarities of data signals are supplied to liquid crystal cells 
of the liquid crystal display panel using a tWo-dot inversion 
method having odd- and even-numbered frames. In the odd 
and even-numbered frames, the polarity of the data signal is 
inverted by the liquid crystal cell similar to the dot inversion 
system along a horizontal direction, but is inverted by the 
2-dots along a vertical direction. 

FIGS. 3A and 3B are diagrams shoWing additional 2-dot 
inversion polarity patterns applied to the liquid crystal 
display panel of FIG. 1 according to the related art. In FIGS. 
3A and 3B, the polarities of data signals are supplied to 
liquid crystal cells of the liquid crystal display panel using 
a 2-dot inversion method including odd-and even-numbered 
frames. In the odd- and even-numbered frames, the polarity 
of the data signal is inverted by the liquid crystal cell similar 
to the dot inversion system along a horizontal direction, but 
is inverted by 2-dots along a vertical direction except for a 
?rst horizontal line. 

FIG. 4 is a Waveform diagram of polarity inversion 
signals applied to a data driver of the liquid crystal display 
panel of FIG. 1 according to the related art. In order to drive 
the liquid crystal display using the 2-dot inversion method, 
the timing controller 4 generates the polarity inversion 
signal (POL) for the liquid crystal cell driven by the 2-dot 
inversion method using the vertical synchronization signal 
(Vsync) and the horizontal synchronization signal (Hsync) 
received from the graphic card 2. In addition, the timing 
controller 4 generates the data enable signal (DE) for sup 
plying the data signal to the liquid crystal cell using of the 
vertical synchronization signal (V sync) and the horizontal 
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4 
synchronization signal (Hsync) received from the graphic 
card 2. The data enable signal (DE) generated by the timing 
controller 4 is divided into a back porch period, Which spans 
from the last point of time of the vertical synchronization 
signal (Vsync) to the starting point of time of the data enable 
signal (DE), and an effective data period When effective data 
is supplied during one vertical synchronization period. 
Accordingly, the back porch period is a period betWeen a 
rising edge of the data signal at the ?rst data line, after the 
vertical synchronization signal (V sync) is over, among a 
blanking period in Which effective data does not exist in one 
frame driven by the one vertical synchronization signal 
(V sync). Furthermore, the polarity of the polarity inversion 
signal (POL) generated by the timing controller 4 is inverted 
by the tWo horizontal synchronization signals (Hsync) dur 
ing the period of the vertical synchronization signal (Vsync). 

FIG. 5 is a circuit diagram of a polarity inversion signal 
generator for generating the polarity inversion signals of 
FIG. 4 according to the related art. In FIG. 5, the timing 
controller 4 includes a polarity inversion signal generator 30 
having a ?rst D ?ip-?op (DF1) supplying a ?rst frequency 
division to the horizontal synchronization signal (Hsync), a 
second D ?ip-?op (DF2) supplying a second frequency 
division to an output from an inverted output terminal (BQ1) 
of the ?rst D ?ip-?op (DF1), a reset circuit 32 for resetting 
frames of logic states of the ?rst and the second D ?ip-?op 
(DF1, DF2), and a multiplexer for selecting an input signal 
supplied from a non-inversion output terminal (Q2) and an 
inverted output terminal (BQ2) of the second D ?ip-?op 
(DF2) to supply the selected input signal to the data driver. 

In FIG. 5, the ?rst D ?ip-?op (DF1) receives the inverted 
horizontal synchronization signal (Hsync) as a clock signal 
to supply the ?rst frequency division to the received signal 
to provide the frequency-divided signal. The second D 
?ip-?op (DF2) supplies the second frequency division to the 
input signal from the ?rst D ?ip-?op (DF1) to provide the 
frequency-divided signal. For example, the second D ?ip 
?op (DF2) supplies frequency-division tWice to the horizon 
tal synchronization signal (Hsync). 

FIG. 6 is a Waveform diagram of polarity inversion 
signals applied to a data driver according to the related art. 
In FIG. 6, the ?rst D ?ip-?op (DF1) synchronizes a signal, 
Which is fed-back from its oWn inversion output terminal 
(BQ1) and is received at an input terminal (D), With the 
rising edge of the inverted horizontal synchronization signal 
(Hsync) to generate a ?rst polarity inversion signal (POL1), 
thereby supplying the generated ?rst polarity inversion 
signal (POLl) to the clock input terminal of the second D 
?ip-?op (DF2) through the inversion output terminal (BQ1). 
Accordingly, the ?rst polarity inversion signal (POLl) is 
inverted in polarity for each falling edge of the horizontal 
synchronization signal (Hsync). 

In FIG. 6, the second D ?ip-?op (DF2) synchronizes a 
signal, Which is fed-back from its oWn inversion output 
terminal (BQ2) and is received at an input terminal (D), With 
the rising edge of the ?rst polarity inversion signal (POLl) 
from the inversion output terminal (BQ1) of the ?rst D 
?ip-?op (DF1) to generate a second polarity inversion signal 
(POL2). Accordingly, the second polarity inversion signal 
(POL2) is inverted in polarity for each second period of the 
horizontal synchronization signal (Hsync). In addition, the 
second polarity inversion signal (POL2) generated at the 
second D ?ip-?op (DF2) is supplied to a ?rst input terminal 
of the multiplexer (MUX) through the non-inversion output 
terminal (Q2) and is supplied to a second input terminal of 
the multiplexer (MUS) through the inversion output terminal 
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In FIG. 5, the reset circuit 32 includes a fourth D ?ip-?op 
(DF4) delaying the vertical synchronization signal (V sync) 
received in response to the clock signal (CLK) by one clock 
period, a ?fth D ?ip-?op (DFS) delaying the input signal 
from non-inversion output terminal of the fourth D ?ip-?op 
(DF4) by one clock period in response to the clock signal 
(CLK), an XOR gate 34 for Exclusive-OR-Logic operation 
betWeen the input signal from non-inversion output terminal 
(Q5) of the ?fth D ?ip-?op (DFS) and the vertical synchro 
nization signal (V sync), and a NAND gate for NAND-Logic 
operation betWeen the output signal (Q6) from XOR gate 34 
and the vertical synchronization signal (V sync). The reset 
circuit 32 generates the reference to the horizontal synchro 
nization signal (Hsync) in order to invert the vertical syn 
chronization signal (Vsync) for each frame. In addition, the 
polarity inversion signal (POL2) of 2 dot inversion system 
is generated by the ?rst and the second D ?ip-?ops (DF1, 
DF2) including a reset signal (V SRB) for resetting the logic 
states of the ?rst and the second D ?ip-?ops (DF1, DF2) for 
each frame on the basis of the vertical synchronization 
signal (V sync). 
The multiplexer MUX selects input signals provided to 

each of the ?rst and the second input terminals from the 
inverted output terminal (BQ2) and the non-inverted output 
terminal (Q2) of the second D ?ip-?op (DF2), and supplies 
the selected signal to the data driver 6 (in FIG. 1). Accord 
ingly, the reset circuit 30 includes a third D ?ip-?op (DF3) 
that generates a selection signal (CS) inverted for each frame 
unit and is connected to a selection signal input terminal of 
the multiplexer MUX. The third D ?ip-?op (DF3) receives 
a feedback signal from its oWn inverted output terminal 
(BQ3) synchronized at a rising edge of the inverted vertical 
synchronization signal (Vsync), and generates and supplies 
the selection signal (CS) to the selection signal input termi 
nal of the multiplexer MUX through a non-inverted output 
terminal (Q3). Since the selection signal is generated on the 
basis of the vertical synchronization signal (Vsync), the 
selection signal (CS) is inverted for each frame. Accord 
ingly, the multiplexer MUX performs an inversion in 
response to the second polarity inversion signal (POL2) for 
each selection signal (CS) from the third D ?ip-?op (DF3) 
and supplies the inverted signal to the data driver 6. 

FIG. 7 is a schematic circuit diagram of a MUX part of a 
data driver according to the related art. In FIG. 7, the data 
driver 6 (in FIG. 1) supplies the polarity of the video data to 
the liquid crystal display panel 10 (in FIG. 1) using the 2-dot 
inversion method according to the polarity inversion signal 
(POL2) received from the timing controller 4 (in FIG. 1) 
using a plurality of multiplexers 52. Accordingly, each of the 
multiplexers 52 of the data driver 6 (in FIG. 1) includes ?rst 
and second input terminals to Which positive (+) and nega 
tive (—) data voltages are supplied from a digital-analog 
converter (not shoWn), a selection signal input terminal to 
Which the polarity inversion signal (POL2) received from 
the timing controller 4 (in FIG. 1) is supplied, and an output 
terminal connected to the data lines (DL1 to DLm) through 
a buffer (not shoWn). In FIG. 7, an inverter 54 is connected 
to the selection signal input terminal of even-numbered ones 
of the multiplexers 52 for inverting the polarity inversion 
signal (POL2) received from the timing controller 4 (in FIG. 
1). 

Accordingly, the polarity of the video data supplied to the 
liquid crystal display panel 10 from the data driver 6 (in FIG. 
1), as shoWn in FIGS. 2A, 2B, 3A, and 3B, are converted to 
have the polarity using the 2-dot inversion method since a 
start point of time of the polarity inversion signal (POL2) 
differs according to the number of the horizontal synchro 
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6 
nization signal (Hsync) received during the back porch 
period of the data enable signal (DE). 
When the number of the horizontal synchronization signal 

(Hsync) received to the back porch period of the data enable 
signal (DE) is even numbered, the polarity of the effective 
video data of the data enable signal (DE) is supplied to the 
liquid crystal display panel 10 using the 2-dot inversion 
method, as shoWn in FIGS. 2A and 2B, according to the 
second polarity inversion signal (POL2) beginning from a 
point “A” of time of the second polarity inversion signal 
(POL2), as shoWn in FIG. 6. Furthermore, When the number 
of the horizontal synchronization signal (Hsync) received to 
the back porch period of the data enable signal (DE) is odd 
numbered, the polarity of the effective video data of the data 
enable signal (DE) is supplied to the liquid crystal display 
panel 10 using the 2-dot inversion method, as shoWn in 
FIGS. 3A and 3B, according to the second polarity inversion 
signal (POL2) beginning from a point “B” of time of the 
second polarity inversion signal (POL2), as shoWn in FIG. 
6. 

FIGS. 8A and 8B are diagrams shoWing ?icker inspection 
patterns of a 2-dot inversion system according to the related 
art. In FIG. 8A, during the 2-dot inversion driving method, 
a ?icker inspection pattern (i.e., the ?rst ?icker inspection 
pattern) shoWs that the polarity of data supplied to the liquid 
crystal display panel is changed by a l-dot unit along a 
horizontal direction and is changed by a 2-dot unit along a 
vertical direction and is supplied as a half-gray pattern to a 
green sub-pixel of the negative polarity (—), and a black 
pattern to red and blue sub-pixels. Accordingly, if the ?rst 
?icker inspection pattern is displayed on the liquid crystal 
display panel driven using the 2-dot inversion method, the 
?icker can be adjusted since components of a 1/2-frame 
frequency, i.e., frame frequency divided in half, appear due 
to the half-gray pattern of the negative polarity (—). 

In FIG. 8B, during the 2-dot inversion driving method, the 
?icker inspection pattern (i.e., the second ?icker inspection 
pattern) shoWs that the polarity of data supplied to the liquid 
crystal display panel is changed by a l-dot unit along a 
horizontal direction and is changed by a 2-dot unit along a 
vertical direction except for a ?rst horizontal direction that 
supplies a half-gray pattern to a green sub-pixel of the 
negative polarity (—), and a black pattern to red and blue sub 
pixels. Accordingly, if the second ?icker inspection pattern 
is displayed on the liquid crystal display panel driven using 
the 2-dot inversion method, the ?icker can be adjusted since 
components of a l/2-frame frequency, i.e., frame frequency 
divided in half, appear due to the half-gray pattern of the 
negative polarity (—). 

FIGS. 9A and 9B are diagrams shoWing ?icker inspection 
patterns according to the related art. In FIG. 9A, inspection 
of a ?icker adjustment for the liquid crystal display using the 
2-dot inversion driving method includes adjusting the ?icker 
by a ?rst ?icker inspection pattern (a) using the 2-dot 
inversion method (b), Wherein the data polarity is changed 
by the l-dot unit along the horizontal direction and is 
changed by the 2-dot unit along the vertical direction except 
for the ?rst horizontal direction. Accordingly, a ?icker 
inspection pattern (c) is produced, Wherein the positive 
polarity (+) and the negative polarity (—) are offset from each 
other. Thus, ?icker cannot be seen on the liquid crystal 
display panel due to the frame frequency component, and the 
?icker cannot be adjusted. 

In FIG. 9B, inspection of a ?icker adjustment for the 
liquid crystal display using the 2-dot inversion driving 
method includes adjusting the ?icker by a ?rst ?icker 
inspection pattern (a) using the 2-dot inversion method (b), 
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wherein the data polarity is changed by the l-dot unit along 
the horizontal direction and is changed by the 2-dot unit 
along the vertical direction except for the ?rst horizontal 
direction. Accordingly, a ?icker inspection pattern (c) is 
produced, Wherein the positive polarity (+) and the negative 
polarity (—) are offset from each other. Thus, ?icker cannot 
be seen on the liquid crystal display panel due to the frame 
frequency component, and the ?icker cannot be adjusted. 

Accordingly, With respect to the driving method of the 
liquid crystal display using the 2-dot inversion driving 
method, since the polarity inversion signal (POL2) supplied 
to the data driver 6 becomes different according to the 
number of the horizontal synchronization signal received to 
the back porch period of the data enable signal (DE), the data 
polarity of the 2-dot inversion method supplied to the liquid 
crystal display panel 10 becomes different. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a method 
and an apparatus for driving a liquid crystal display device 
that substantially obviates one or more of the problems due 
to limitations and disadvantages of the related art. 
An object of the present invention to provide a driving 

method and a driving apparatus of a liquid crystal display 
device for generating a polarity inversion signal identical to 
a data polarity of a 2-dot inversion method supplied to a 
liquid crystal display panel irrespective of the number of 
horizontal synchronization signals supplied for a back porch 
period in the 2-dot inversion method. 

Additional features and advantages of the invention Will 
be set forth in the description Which folloWs, and in part Will 
be apparent from the description, or may be learned by 
practice of the invention. The objectives and other advan 
tages of the invention Will be realized and attained by the 
structure particularly pointed out in the Written description 
and claims hereof as Well as the appended draWings. 

To achieve these and other advantages and in accordance 
With the purpose of the present invention, as embodied and 
broadly described, a driving apparatus for a liquid crystal 
display device includes a liquid crystal display panel having 
a plurality of data lines and gate lines arranged in a matrix 
con?guration, a data driver for supplying video data to the 
data lines, a gate driver for supplying gate pulses to the gate 
lines, and a timing controller for controlling polarity of the 
video data by supplying a polarity inversion signal to the 
data driver and controlling a timing of the data driver and the 
gate driver according to a number of horizontal synchroni 
zation signals supplied during a data blanking period, 
Wherein a plurality of the polarity inversion signals are 
different from each other. 

In another aspect, a driving method of a liquid crystal 
display device comprising a liquid crystal display panel 
having a plurality of data lines and gate lines arranged in a 
matrix con?guration, a data driver for supplying video data 
to the data lines, and a gate driver for supplying gate pulses 
to the gate lines, includes generating ?rst and second polar 
ity inversion signals different from each other according to 
a number of horizontal synchronization signals supplied 
during a data blanking period, and controlling a polarity of 
the video data by supplying the ?rst and the second polarity 
inversion signals to the data driver. 

It is to be understood that both the foregoing general 
description and the folloWing detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings, Which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this speci?cation, illustrate 
embodiments of the invention and together With the descrip 
tion serve to explain the principles of the invention. In the 
draWings: 

FIG. 1 is a block schematic diagram of a liquid crystal 
display device according to the related art; 

FIGS. 2A and 2B are diagrams shoWing 2-dot inversion 
polarity patterns applied to the liquid crystal display panel of 
FIG. 1 according to the related art; 

FIGS. 3A and 3B are diagrams shoWing additional 2-dot 
inversion polarity patterns applied to the liquid crystal 
display panel of FIG. 1 according to the related art; 

FIG. 4 is a Waveform diagram of polarity inversion 
signals applied to a data driver of the liquid crystal display 
panel of FIG. 1 according to the related art; 

FIG. 5 is a circuit diagram of a polarity inversion signal 
generator for generating the polarity inversion signals of 
FIG. 4 according to the related art; 

FIG. 6 is a Waveform diagram of polarity inversion 
signals applied to a data driver according to the related art; 

FIG. 7 is a schematic circuit diagram of a MUX part of a 
data driver according to the related art; 

FIGS. 8A and 8B are diagrams shoWing ?icker inspection 
patterns of a 2-dot inversion system according to the related 
art; 

FIGS. 9A and 9B are diagrams shoWing ?icker inspection 
patterns according to the related art; 

FIG. 10 is a block schematic diagram of an exemplary 
liquid crystal display device according to the present inven 
tion; 

FIG. 11 is an exemplary Waveform diagram of polarity 
inversion signals applied to a data driver of the liquid crystal 
display device of FIG. 10 according to the present invention; 

FIG. 12 is a block schematic diagram of an exemplary 
driving apparatus of a liquid crystal display device accord 
ing to the present invention; 

FIG. 13 is a schematic circuit diagram of an exemplary 
driving apparatus of a liquid crystal display device accord 
ing to the present invention; 

FIG. 14 is a block schematic diagram of an exemplary 
data driver of the driving apparatus of FIG. 10 according to 
the present invention; 

FIG. 15 is a schematic circuit diagram of an exemplary 
MUX portion of the data driver of FIG. 14 according to the 
present invention; 

FIGS. 16A and 16B are diagrams shoWing an exemplary 
2-dot inversion signal patterns applied to the liquid crystal 
display device of FIG. 10 according to the present invention; 

FIGS. 17A and 17B are diagrams shoWing additional 
exemplary 2-dot inversion signal patterns applied to the 
liquid crystal display device of FIG. 10 according to the 
present invention; 

FIG. 18 is a diagram shoWing an exemplary ?icker 
inspection pattern according to the present invention; and 

FIG. 19 is a diagram shoWing another exemplary ?icker 
inspection pattern according to the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Reference Will noW be made in detail to the preferred 
embodiments of the present invention, examples of Which 
are illustrated in the accompanying draWings. 
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FIG. 10 is a block schematic diagram of an exemplary 
liquid crystal display device according to the present inven 
tion. In FIG. 10, a liquid crystal display 33 may include a 
liquid crystal display panel 40, a data driver 36 for driving 
data lines (D1 to Dm) of the liquid crystal display panel 40, 
a gate driver 38 for driving gate lines (G1 to Gn) of the liquid 
crystal display panel 40, a timing controller 34 for control 
ling driving timing of the data and the gate drivers 36 and 38, 
a poWer supply circuit 44 generating driving voltage (P) to 
drive the liquid crystal display 33, and a gamma circuit 42 
supplying a gamma voltage to the data driver 36. In addition, 
the liquid crystal display 33 may be connected to a system 
driver 31 that may be mounted in a controller system, i.e., a 
computer system. 

The system driver 31 may include a graphic card 32 for 
supplying a video data adapted to the liquid crystal display 
33, Wherein the graphic card 32 may convert the video data 
supplied thereto and may provide the converted video data 
to the liquid crystal display 33. The video data may include 
red (R), green (G), and blue (B) data signals. In addition, the 
graphic card 32 may generate control signals including a 
clock signal (DCLK) and horizontal and vertical synchro 
nization signals (Hsync, Vsync). 

The poWer supply circuit 44 may generate driving volt 
ages P for driving the liquid crystal display 33 (i.e., gate high 
voltage, gate loW voltage, gamma reference voltage, and 
common voltage) received from the system driver 31 and 
may supply the driving voltages P to the timing controller 
34, the data driver 36, the gate driver 38, and the gamma 
circuit 42. 

The liquid crystal display panel 40 may include thin ?lm 
transistors (TFTs) each formed at each intersection of an 
n-number of the gate lines (G1 to Gn) and an m-number of 
the data lines (D1 to Dm), and may include liquid crystal 
cells arranged in a matrix con?guration. The thin ?lm 
transistors may respond to gate signals from the gate lines 
(G1 to Gn) and may supply video data from the data lines 
(D1 to Dm) to the liquid crystal cells. Since each of the 
liquid crystal cells may include a pixel electrode, Which is 
connected to one of the TFTs, and a common electrode With 
a liquid crystal material provided therebetWeen, the liquid 
crystal display may be equivalently represented as a liquid 
crystal capacitor (Clc). Accordingly, the liquid crystal cell 
may include a storage capacitor (Cst) connected to a pre 
staged gate line to maintain a data voltage charged to the 
liquid crystal capacitor (Clc) until a next data voltage is 
charged. 

The gate driver 38 may sequentially supply the gate high 
voltage signal to the gate lines (G1 to Gn) according to a gate 
start pulse (GSP) received from the timing controller 34. 
Accordingly, the gate driver 38 may include a plurality of 
gate driving integrated circuits (not shoWn) for sequentially 
and separately driving the gate lines (G1 to Gn). Each of the 
gate driving integrated circuits may include a shift register 
that responds to a gate start pulse (GSP) and a gate shift 
clock (GSC) provided from timing controller 34 and gen 
erating a sequential gate high voltage signal and a level 
shifter for shifting the voltage of the gate high voltage signal 
to a level for driving the thin ?lm transistor. If the gate start 
pulse (GSP) is supplied from the timing controller 34, the 
gate driving integrated circuits may respond to the gate shift 
clock (GSC) and may supply the gate high voltage signal of 
one horizontal period (1H) sequentially to the gate lines (G1 
to Gn) by performing a shift operation. 

The gamma circuit 42 may supply preset positive and 
negative gamma voltages to the video data to generate a 
voltage level different from each other according to the 
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voltage level of the video data, thereby providing video data 
representing a gamma characteristic. 

The data driver 36 may convert the R, G, and B data 
signals received from the timing controller 34 into analog 
signals, and may supply the video data of one horizontal line 
for each horizontal period in Which the gate high voltage 
signal is supplied to the gate line (G1 to Gn) to the data lines 
(DL1 to DLm). 

In order to drive the liquid crystal display panel 40, the 
timing controller 34 may respond to a clock signal and 
horizontal and vertical synchronization signals (Hsync, 
Vsync) received from the graphic card 32, and may control 
driving timing of the gate driver 38 and the data driver 36. 
For example, the timing controller 34 may respond to the 
clock signal and the horizontal and the vertical synchroni 
zation signals (Hsync, Vsync) to generate a gate clock 
signal, a gate control signal, and a gate start pulse, and may 
supply the signals to the gate driver 38. Furthermore, the 
timing controller 34 may respond to an input clock signal 
and horizontal and vertical synchronization signals (Hsync, 
Vsync) to generate and supply a data enable signal to the 
data driver 36. In addition, the timing controller 34 may 
supply the R, G, and B video data received from the graphic 
card 32 to the date driver 36 in synchronization With the 
polarity inversion signal and the data enable signal. 

During driving of the liquid crystal panel 40, since the 
thin ?lm transistors (TFTs) may be turned ON by the gate 
high voltage (V gh) supplied to the gate line (G), video 
voltage signal supplied to data lines (DL1 to DLm) may be 
charged to the liquid crystal capacitor (Clc). Subsequently, 
since the thin ?lm transistor may be turned OFF by the gate 
loW voltage (Vgl) supplied to the gate line (G), the video 
voltage charged to the liquid crystal capacitor (Clc) may be 
maintained until a next data voltage is supplied. Accord 
ingly, When the gate high voltage (Vgh) and the gate loW 
voltage (Vgl) are supplied to the pre-staged gate line (Gn-1), 
the storage capacitor connected in parallel to the liquid 
crystal capacitor (Clc) may be charged to maintain a voltage 
higher than a voltage charged to the liquid crystal capacitor 
during a tum-OFF period. Thus, during the turn-OFF period 
of the thin ?lm transistor (TFT), ?uctuations of the voltages 
charged to the liquid crystal capacitor (Clc) may be mini 
mized. 

FIG. 11 is an exemplary Waveform diagram of polarity 
inversion signals applied to a data driver of the liquid crystal 
display device of FIG. 10 according to the present invention. 
In FIG. 11, during driving of the liquid crystal display using 
the 2-dot inversion method, the timing controller 34 may 
generate polarity inversion signals (POL1, POL2) to the 
liquid crystal cells using the vertical synchronization signal 
(V sync) and the horizontal synchronization signal (Hsync) 
received from the graphic card 32. In addition, the data 
enable signal (DE) may be provided to supply the data signal 
to the liquid crystal cells using the vertical synchronization 
signal (Vsync) and the horizontal synchronization signal 
(Hsync). 
The data enable signal (DE) generated by the timing 

controller 34 may be divided into a back porch period, Which 
begins from a last point of time of the vertical synchroni 
zation signal (V sync) to a starting point of time of the data 
enable signal (DE), and an effective data period Where 
effective data is supplied during one vertical synchronization 
period. The back porch period is a period betWeen a rising 
edge of the data signal at the ?rst data line after the vertical 
synchronization signal (Vsync) is over, among a blanking 
period in Which the effective data does not exist among one 
frame driven by the one vertical synchronization signal 














